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Household Production and the Excess Sensitivity
of Consumption to Current Income

By MARIANNE BAXTER AND URBAN J. JERMANN*

Empirical research on the permanent-income hypothesis (PIH) has found that
consumption growth is excessively sensitive to predictable changes in income. This
finding is interpreted as strong evidence against the PIH. We propose an explana-
tion for apparent excess sensitivity that is based on a quantitative equilibrium model
of household production in which permanent-income consumers respond to shifts in
sectoral wages and prices by substituting work effort and consumption across home
and market sectors. Although the PIH is true, this mechanism generates apparent
excess sensitivity because market consumption responds to predictable income

growth. (JEL D13, E10, E21).

The permanent-income hypothesis (PIH) has
come to occupy a central position in mainstream
macroeconomics since its inception nearly 40
years ago in the writings of Milton Friedman
(1957). Although the PIH is taken as axiomatic
in many macroeconomic investigations, the
question of its empirical accuracy continues to
form the basis for an active empirical literature
which we survey in Section I below. Many of
these studies find that consumption growth rates
are robustly correlated with predictable changes
in real income. This finding is sometimes de-
scribed as the “excess sensitivity” of consump-
tion to income and is interpreted as strong
evidence against the PTH.

This paper proposes an explanation for ap-
parent excess sensitivity that is consistent with
the PIH. Our starting point is Gary S. Becker’s
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(1965) model of a household in which individ-
uals substitute between home- and market-
produced consumption goods according to their
relative price. We will show that a model incor-
porating production and consumption of home-
produced goods provides a compelling rationale
for the observed empirical relationship between
consumption and output.

The link between household production and
the business cycle has been the subject of sev-
eral recent papers.' These papers find that in-
teractions between the household and market
sectors in a quantitative, general-equilibrium
model improve the model’s predictions con-
cerning the central business-cycle facts relative
to a prototypical one-sector real-business-cycle
model. These household production models do
not test the PIH: they embed permanent-income
theory as part of the structure of the model.
However, the model turns out to have striking
predictions for the empirical findings that a re-
searcher would obtain if he investigated excess
sensitivity using data on market consumption
and market output alone.

The basic idea behind household production
in a theory of the business cycle is that individ-

! See, for example, the contributions of Jess Benhabib et
al. (1991), Jeremy Greenwood and Zvi Hercowitz (1991),
Greenwood et al. (1995), John Y. Campbell and Sydney
Ludvigson (1997), Ellen McGrattan et al. (1997), and Fabio
Canova and Angel Ubide (1998).
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uals substitute between home and market goods
depending on the wage rate. That is: the market
wage rate measures the opportunity cost of en-
gaging in household production, so an increase
in the market wage during an economic expan-
sion should be accompanied by an increase in
market work and purchases of market goods and
a corresponding decrease in household produc-
tion. Examples of goods for which there are
especially good possibilities for substitution be-
tween market purchase versus home production
include the following: child care; home mainte-
nance (housecleaning, lawn mowing, painting,
repairs, and the like); food preparation; financial
services such as preparation of income tax re-
turns; and clothing (sewing and repair).

Since the household-production model pre-
dicts that income growth and growth in the
opportunity cost of home-produced goods are
highly correlated, there is a natural reason for a
positive correlation between market consump-
tion growth and predictable changes in income.
Using a quantitative equilibrium business-cycle
model with household production, we show that
the empirical finding of excess sensitivity of
market consumption to market income emerges
even though individuals have rational expecta-
tions and act as permanent-income consumers
when consumption is appropriately defined to
include goods produced at home. Essentially,
the standard “excess sensitivity” regression is
misspecified because it focuses on market con-
sumption and market income, when it should
propetly be specified as a relationship between
aggregate consumption and aggregate income.”

The paper is structured as follows. Section I
reviews the empirical literature on the excess
sensitivity of consumption. Section II develops
a partial-equilibrium model of consumer choice
that illustrates how apparent excess sensitivity
arises naturally in the presence of a nonmarket
consumption good. The partial-equilibrium na-

2 This is an example of the type of problem discussed by
Peter Garber and Robert G. King (1983). It is also possible
to generate apparent excess sensitivity through substitutions
on the consumption/leisure margin, as in Orazio P. Attana-
sio and Martin Browning (1995). We focus on alternative
ways of generating consumption goods through substitution
between home- and market-generated consumption, while
incorporating standard labor/leisure choice.
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ture of the model allows us to develop intuitive,
closed-form solutions for the relationship be-
tween consumption growth and predictable in-
come growth. Section III closes the model of
Section II by specifying the production side of
the economy and determining prices and inter-
est rates endogenously. The section ends with a
brief description of the business-cycle implica-
tions of the model. Section IV studies the im-
plications of the general-equilibrium model for
the coefficients in a regression of market con-
sumption growth on the predictable component
of income growth and on the interest rate. We
consider several plausible specifications for the
productivity process which drives the model.
Further, we explore the sensitivity of the param-
eter estimates to alterations in the specification
of the consumption regression and explore the
extent to which small sample bias may be im-
portant. Overall, we find a robust prediction of
“excess sensitivity” in the sense that expected
income growth in the market sector predicts
growth in market consumption. Section V con-
cludes.

I. Related Literature

In his seminal paper, Robert E. Hall (1978)
showed that consumption should follow a ran-
dom walk in a simple intertemporal equilibrium
model with a constant interest rate. He finds that
lagged income is not significant for consump-
tion growth, and he thus concludes in favor of
the permanent-income hypothesis. Subse-
quently, however, Marjorie A. Flavin (1981)
found that consumption is excessively sensitive
to income in the sense that current income still
has explanatory power after accounting for the
innovation in permanent income. Most recently,
Campbell and N. Gregory Mankiw (1989, 1990,
1991) used instrumental variable techniques to
estimate the coefficient on predictable changes
in income in consumption growth regressions
and argued that this coefficient measures the
fraction of consumption attributable to individ-
uals who, as a rule of thumb, consume their
current income.

In addition to the rule-of-thumb consumption
function, several possible explanations for the
empirical failure of Hall’s basic model have
been suggested. Most of these consider the
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relaxation of the simplifying assumptions of the
initial model. The following representation of
the consumer’s first-order condition, which is
somewhat more general than Hall’s, suggests
various avenues for reconciling the empirical
evidence with modern versions of the perma-
nent-income hypothesis:

1 w'(C, X)

= BE,[M'(C,H, X, )1+ rr,r+1)]‘

In the expression above, u#'(C,, X,) is momen-
tary marginal utility which depends on con-
sumption of nondurables and services, C,, and
on other factors X, which affect the marginal
utility of consumption. In (1), r, ., ; denotes the
interest rate between periods ¢ and ¢ + 1. Thus
one possible explanation for the failure of Hall’s
basic model is a variable interest rate. Campbell
and Mankiw consider whether the interest rate
explains excess sensitivity. They find, however,
that empirically the interest rate does not ex-
plain much of consumption growth. Another
proposed explanation for excess sensitivity is
time-varying precautionary saving behavior, re-
lated to a time-varying conditional variance of
consumption. This line of argument has been
pursued by Ricardo J. Caballero (1990). Finally,
Lawrence Christiano et al. (1991) explore the
role of temporal aggregation in generating spu-
rious excess sensitivity.

Another proposed reconciliation of the PIH
with apparent excess sensitivity is based on
other factors which enter nonseparably in the
marginal utility function, as represented above
by the vector X,. The most obvious are non-
separabilities related to different classes of con-
sumption goods (e.g., consumer durables vs.
consumer nondurables, or consumption vs. lei-
sure), or nonseparabilities over time due to habit
formation. If movements in X, , are predict-
able and if they are related to predictable
changes in income, the nonseparability can gen-
erate the excess sensitivity result. John H. Co-
chrane (1990) suggests this as one potential
interpretation of the Campbell-Mankiw results.
Empirical evidence on the hypothesis that ex-
cess sensitivity is due to nonseparability of
consumer durables from nondurables is incon-
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clusive: Campbell and Mankiw (1990) and
Mankiw (1985) do not reject separability, while
Martin Eichenbaum and Lars Peter Hansen
(1990) find some evidence against separability
between durables and nondurables.

Our proposed explanation for apparent ex-
cess sensitivity hinges on a particular nonsepa-
rability: that between market goods and home
goods in momentary utility. While substitutions
between consumption and leisure are also part
of our story, it is more plausible that the most
important channel involves substitution across
alternative methods for producing final con-
sumption goods. Further, in addition to substi-
tution across consumption goods, individuals in
our model also substitute between productive
activities depending on the relative rewards to
work in each sector. The combination of these
two effects provides an explanation for the em-
pirical finding of excess sensitivity.

I1. A Simple Model

This section develops a partial-equilibrium
model of consumer choice that illustrates how
apparent excess sensitivity arises in the pres-
ence of a nonmarket consumption good. Specif-
ically, we show that the growth of market
consumption is positively related to the predict-
able component of labor income growth.

The representative individual derives utility
from market consumption, C, from home-
produced consumption, H, and from leisure, L,
and maximizes expected lifetime utility given
by:

1
1—-0o

(2) EO 2 B'( )QD(C,, Ht)l_av(Lt)

=0
where ¢(-) is a linearly homogeneous aggrega-
tor of the two consumption goods; v(L,) mea-
sures the utility derived from leisure; o is the
coefficient of relative risk aversion; and S is the

subjective discount factor. The individual’s
time constraint takes the form:

3 T=Ny+ Ny, + L,

where 7T is the amount of nonsleeping time
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available for working or consuming leisure;
Ny, is the amount of time that individuals
allocate to the production of the home-
produced good; N, is time devoted to market
work; and L, denotes time spent in leisure
activities. We follow the literature in assum-
ing that an hour devoted to market work gen-
erates the same disutility as an hour of
nonmarket work.

The representative individual’s assets evolve
according to the following:

4) ., =0+ rt,t+l)(Zt + W(T—Ny—L)—C)

where Z, ., denotes individual asset holdings at
the beginning of period # + 1 and W, is the
wage rate in the market sector. We have as-
sumed, for simplicity, that the representative
agent holds a single asset (which may be a
portfolio) that earns the deterministic real return
1.+ between periods f and ¢ + 1.

Household production is assumed to re-
quire labor alone, according to a linear tech-
nology (this assumption will be relaxed in the
general-equilibrium model of the next sec-
tion). Letting A;, denote the (possibly sto-
chastic) level of labor productivity in the
home sector, consumption of the home good,
H,, is constrained by:

3) AplNy, = H,.

In equilibrium, the following three conditions
must hold, where <pj(C,, H,), vj(L,) denote the
partial derivatives of ¢ and v at date ¢t with
respect to variable j:

(6) QD(Cn H,)_‘T‘U(L,)(PC(C,, Ht)
= BEI[(P(CH-I» Ht+l)~UU(Lt+l)
X ‘PC(Ct+la Ht+l)(1 + rl,t+1)]9
(7) ‘PH(Cn Hl) _ _‘IYL
(F’C(Cn Ht) AHr,

(P(Cta Ht)lﬂo-vL(Lt) =W
O')(P(C,, Ht)*UU(Lt)‘PC(Cn Hr) o

® G-
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Equation (6) is the intertemporal efficiency
condition relating the marginal utility in period
t to discounted marginal utility in period ¢t + 1,
while equations (7) and (8) are intratemporal
efficiency conditions relating relative prices and
marginal utilities.

We can obtain a closed-form solution for
this model by taking a log-linear approxima-
tion to the Euler equations. To simplify, we
let productivity be constant in the household
sector: Ay, = Ay. Log-linear approximation
of (6)—(8) yields the following relationship
between expected growth of consumption and
expected wage growth, where lowercase let-
ters denote percentage deviations from the
point of linearization (except for 7, ,,,, de-
fined as the percentage deviation from (1 +

Toir1))-

9 E(Ac,yy) = aE(Aw,,,) + B, .

with
o = fw — (1 —s5)é
P od + (1 - 0)€,

_ Eee — Eoe
20l (1 - o),

+ (1 =s)¢

(41

In the expressions above, s, denotes the share
of market consumption in the consumption
aggregate @, { denotes the elasticity of sub-
stitution between market consumption and
consumption of goods produced at home, £,
is the elasticity of the marginal utility of the
consumption aggregate with respect to lei-
sure, and &, denotes the own-elasticity of the
marginal utility of leisure.

To gain insight into the relationship between
consumption growth and wage growth, it is
instructive to study two special cases of equa-
tion (9). First, suppose there is no household
good, so that s, = 1. Then the expression for «,
simplifies to

— g(pt’
0o+ (1 —0)é,

(10) a,
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The denominator of (10) is negative by concav-
ity of momentary utility. The numerator §,, = 0
if o = 1, so the condition for ; > 0 in the case
with no household production is o > 1: the
marginal utility of consumption falls with in-
creases in leisure.

A second special case involves zero elas-
ticity of substitution between the home and
market good: { = 0. In this case, a; becomes

_ fw = (1 —5)&
Yoo+ (1 - 0)E,,

[¢3

Compared with the no-household-production
case, this expression for a; has a new term in
the numerator, — (1 — s,.)&,,, which reflects a
“price effect” of an increase in the market wage
on consumption. When the market wage rises,
the consumption aggregate ¢ becomes more
expensive because time is needed to produce the
home good. This price effect, taken by itself,
would tend to reduce consumption of the com-
posite good. Thus introducing household pro-
duction in a way that permits no substitutability
between home and market goods would tend to
reduce the responsiveness of market consump-
tion to changes in the wage rate.

When individuals are willing to substitute
between home and market goods, { > 0, then
the final term appears in the expression for a;:
(1 — s,)¢. This term reflects the effect on
market consumption of substitutions between
home and market goods when their relative
price changes. As noted above, an increase in
the market wage increases the price of home
goods relative to market goods. Individuals will
then shift consumption toward market goods—
the extent to which they are willing to do this
depends on the elasticity of substitution .

Thus, we find that «; is likely to be posi-
tive, even if there is no home production,
simply because of substitution between con-
sumption and leisure. The price effect of
home production tends to reduce the value of
o, while increases in the substitutability be-
tween home and market goods will increase
a;. A sufficient condition for «; > 0 is o >
1, { = 1. As we discuss more fully in the next
section, these parameter restrictions appear to
be satisfied in the data.
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How does effort devoted to market work vary
with the market wage and the interest rate? Work-
ing again with the log-linear approximation to the
model, we obtain the following expression for the
growth rate of market labor input:

(11) Et(AnM,tH) = ’YIEI(AWH*I) + 'YZExfr,rH
where

_ Nyéee(s.of + (1 —5.))
e Ny(o&e + (1 — ‘T)§¢€)

Nyéoe(s(1 — a){ — 1)

Ny(oée + (1 — 0)é,)
L= o)

Ny(o&ee + (1 — 0')§<pe)

Ny
) N, N, (e — €40

Y2 oépe+ (1 —0)é,

Whether labor input is expected to rise or fall
with increases in the wage rate depends on the
sign of v,. Since vy, is the compensated labor-
supply elasticity, it is likely to be positive. Fur-
ther, we find that vy, is positive when parameters
are set in accordance with estimates obtained by
others in the context of household-production
models, as we shall show below.

Putting these pieces together, expected in-
come growth is given by

(12) Ez(Ayr+1) = Er(AnM,t+l) + E(Aw,.).

Using equations (9) and (11) above, we find that
expected consumption growth is related to ex-
pected income growth by the following:

(¢
(13) E(Ac) = 75 EdAyer)

o (1 + yy) —_ZEE,a
1 + v e

Thus we have that expected growth of market
output is positively correlated with the growth
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of market consumption if o, > 0 and (1 +
v:) > 0, as seems likely in light of our prior
discussion.> The economic mechanism behind
this result is made transparent by the simplicity
of the model. When future market wages are
expected to be high, individuals plan to substi-
tute labor input away from the home good and
toward production of the market good. At the
same time, they plan to substitute consumption
of the market good for consumption of the home
good (which they must since, holding A, con-
stant, there will be relatively less of the home
good available if labor supply to the household
sector declines). Thus there is a natural mecha-
nism linking predictable income growth to the
growth of market consumption.*

Finally, note that the coefficient on the
interest rate is not equal to 1/o unless o =
¢ = 1. Thus this equation cannot, in general,
be used to estimate o as the inverse of the
coefficient on the interest rate. To estimate o
in the context of this model, it is necessary to
have data on household-sector activity that
would permit estimation of the shares and
elasticities embedded in the coefficients in
equation (13).

1. A General-Equilibrium Model

This section closes the partial-equilibrium
model of Section II by specifying the produc-
tion side of the market economy, allowing both
capital and labor to be used in the household
sector, and determining prices and interest rates
endogenously.

While a growing literature has shown that
household-production considerations may be
important for understanding macroeconomic
phenomena at business-cycle frequencies, our
concern is how household production alters the
interpretation of standard tests of the perma-
nent-income hypothesis. Specifically, does the
presence of the nonmarket sector rationalize the
fact that consumption growth is related to pre-

? In fact, the coefficient on expected output growth will
be positive even if vy, is negative, so long as 1 + v, is
positive.

* Anyone who has found himself eating pizza for the
fifth night in a row when trying to meet a deadline will
understand the basic idea here.
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dictable income growth? We find that the an-
swer is “yes.” Central to our story is the idea
that individuals substitute labor supply across
the market and nonmarket sectors depending on
the relative opportunities available. At the same
time, consumers value consumption of both the
market-produced good and the nonmarket good
(the home good), and substitute between these
goods with variations in their relative price. The
basic intuition developed in the partial-
equilibrium model of the last section will carry
over to this general-equilibrium model. That is:
when productivity is expected to be high in the
market sector, individuals will choose to in-
crease labor supply to that sector. At the same
time, the relative price of the market good will
decline, so that expected consumption of the
market good will rise. Thus, expected growth of
market output will be able to predict the growth
of market consumption even though individuals
act as rational, permanent-income consumers.

A. The Model

As in the partial-equilibrium model of Sec-
tion I, the representative individual values con-
sumption of the market-produced good, C,, the
home-produced good, H,, as well as leisure, L,.
Individuals maximize expected lifetime utility,
given by equation (2) above, subject to their
time constraint, equation (3).

Production of the market good is governed
by the following constant-returns-to-scale tech-
nology:

(14) Y. = AMszn(XzNMx) e

while production of the nonmarket good fol-
lows

(15) Yy = AHrK?Ir(XtNHt)]_a-

X, is the deterministic trend in labor-augment-
ing technical change, common across sectors,
which grows at the rate y = X,,,/X,. The
variables A,,, and A, are the stochastic com-
ponents of technical change, which may contain
unit roots.

In each sector, capital is subject to convex
costs of adjustment, so that investment in each
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sector, I,,, and I, is translated into installed
capital according to:

(16) Ky = (1 = 8Ky, + ¢(1Mt/KMr)KMr
(17) KH,:-H = (1 - SH)KH: + ¢(1Hr/KHr)KHr

where d,,, 8,; are depreciation rates and ¢’ > 0,
¢I! < 0'

The government of this economy purchases
the market good in the amount G,, taxes the
returns to market work and market capital at the
constant rates 7y and 7, and rebates any po-
tential surplus proceeds to consumers as lump-
sum transfers, TR,. Government purchases
neither yield utility to private individuals nor
enhance the productivity of private factors of
production. The government’s budget con-
straint, expressed in units of the market good, is
given by:

(18) TyWNy, + 7lrg, — 8u)Ky, = G, + TR,

where W, is the market wage rate, and r, is the
rental rate of market capital.

Output of the nonmarket good is used solely
for consumption, thus the associated resource
constraint is simply

(19) Y = H.

Output of the market good is used for private
consumption, for government consumption, and
for investment in each of the two sectors:

(20) Yy =2 Co+ G+ Iy, + Iy,

The competitive equilibrium for this econ-
omy is found using the log-linear method of
Robert G. King et al. (1987).

B. Calibration

We have calibrated our model to conform as
closely as possible with the recent literature on
household production as summarized in the sur-
vey by Greenwood et al. (1995). Our procedure
is similar to theirs, in that we solve for the
deterministic steady state of the model and cal-
ibrate the model’s steady state by setting the
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following quantities to match corresponding av-
erages in U.S. time series: the capital-output
ratio in the market sector; the ratio of household
capital to market capital; the shares of invest-
ment in the two sectors as a fraction of market
output; time allocated to each of the two sectors
and to leisure; tax rates; the trend rate of growth
of total factor productivity; and the real interest
rate. These parameters jointly determine the
steady state, and thus implicitly define the
following parameters: the growth-adjusted sub-
jective discount factor; the depreciation rates in
the two sectors; labor’s share in each sector;
capital’s share in each sector; and the share of
market goods in aggregate consumption. The
following parameters have no effect on the
steady state; rather, they affect the model’s
dynamics: the elasticity of substitution between
market and home goods; risk aversion; the
own-elasticity of leisure; the elasticity of the
adjustment cost function; and the parameters of
the productivity shock process. Our baseline
parameterization of the economy is as follows.

1. Preferences.—The time period is a quar-
ter of a year. The growth-adjusted subjective
time discount factor is set so that the steady-
state real interest rate is 6.5 percent per year.
The share of market goods in the consumption
aggregate ¢ is s, = 0.63. The amount of avail-
able nonsleeping time is normalized to 1, of
which N,, = 0.33 is spent in market work
including commuting, N, = 0.25 is spent in
household production, and L = 0.42 is con-
sumed directly as leisure. These shares are from
the 1971-1981 Michigan time surveys, and are
averages over both men and women. The own-
elasticity of leisure is set at £, = —1 in the
baseline case. The coefficient of relative risk
aversion is o = 2.

The elasticity of substitution between market
and home goods, ¢, plays an important role in
our analysis. Until recently there has been little
research which attempts to determine the appro-
priate value of this parameter. In the two early
quantitative models with household production,
researchers established a “preferred value” that
was chosen to insure that the model performed
well in terms of some key business-cycle facts.
Specifically, Greenwood et al. (1995) chose { =
3, while Benhabib et al. (1991) report a pre-
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ferred value of { = 5. Subsequently, McGrattan
et al. (1997) constructed a household-produc-
tion model similar to ours and used maximum
likelihood to obtain an estimate of { using mac-
roeconomic time-series data. Their point esti-
mate was 1.75 with a 95-percent confidence
interval of (1.25, 2.95).

In another study, Peter Rupert et al. (1995) used
micro data from the Panel Study of Income Dy-
namics (PSID) to estimate ¢ for three groups of
consumers: single males; single females; and cou-
ples. The point estimate for single males was ¢ =
0.94 [the 95-percent confidence interval is (0.05,
1.82)]. For single females, they report { = 1.80
with 95-percent confidence interval (1.37, 2.24).
For couples, the estimate ranges from { = 1.09
[95-percent confidence interval is (0.45, 1.73)] to
¢ = 4.00 [95-percent confidence interval is (3.02,
4.98)]. The estimate depended on whether specific
cross-equation restrictions were imposed during
estimation. Based on this group of studies, a plau-
sible range for ¢ seems to be ¢ € (0.00, 5.00). Our
benchmark value is { = 3, but we also report
results for other plausible values of {.

2. Technology.—The parameters of the two
production technologies were set to match the
following steady-state values. First, the capital-to-
output ratio in the market sector is equal to 4,
based on a concept of market capital that com-
prises producer durables and nonresidential struc-
tures. The ratio of household capital to market
capital is set at 0.625; this is half the value chosen
by Greenwood et al. (1995). We depart here from
their assumption that the household capital is
equal to the entire stock of durables plus residen-
tial structures to capture the idea that part of this
stock is not used for household production, but
rather is used solely for leisure (this assumption
does not significantly affect our results). The share
of market investment is constrained to equal 11.8
percent of market output, and the share of house-
hold investment is set equal to 6.75 percent of
market output. Labor’s share in the market sector
is 0.69, and is 0.80 in the household sector. The
elasticity of substitution between capital and labor
in each sector is 1. The adjustment-cost function is
parameterized so that no adjustment costs are in-
curred in maintaining the steady-state capital stock
(i.e., in the steady state Tobin’s g is one). The
elasticity of the investment-to-capital ratio with
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respect to movements in Tobin’s ¢ is set at k =
13.3 as in Baxter and Mario J. Crucini (1993,
1995).> The depreciation rates on the two capital
stocks are §,, = 2.55 percent per quarter in the
market sector, and 8,, = 2.30 percent per quarter
in the household sector.

3. Productivity.—The quarterly trend rate of
growth of labor-augmenting technical change is
set at y = 1.004. The stochastic components of
productivity, A,,, and A, are governed by the
following vector AR(1) process:

@1) [108 AM,:+1] _ [Pl Vl][k)g AM:]
log Ap i vy pi]|logAy,

[Pz Vz] [IOg AM,t—ljl [EM,HI]
+ +

vy pajllog Ay, Ehr1
with the correlation of innovations set at 0.67 in
accordance with the parameterization of Green-
wood et al. (1995).

We study three stochastic processes for the
productivity shock. In the first case, we assume
that technology follows a trend-stationary pro-
cess with p; = 0.90, p, = 0. In the second case,
we assume that technology is an AR(1) in first
differences: we set p; = 1.25, p, = —0.25. In
both cases we assume that there is no transmis-
sion of shocks from one sector to the other:
v, = v, = 0. In the third and final case we
assume that productivity is trend stationary, but
that innovations in productivity spill over to the
other sector with a one-quarter lag. This speci-
fication captures the idea that innovations that
initially apply to one sector (such as microcom-
puters used in the market sector) eventually find
uses in the home sector (microcomputers can be
used at home to prepare one’s own tax return).
Specifically, we set p; = 0.81, v, = 0.10, p, =
v, = 0. In each case, we assume that the stan-
dard deviation of innovations to productivity
shocks in both sectors is 0.0075, following
Greenwood et al. (1995).

3 Adjustment costs are incorporated into our model, in
contrast to the model of Greenwood et al., because they
substantially improve the investment behavior of the model.
The importance of adjustment costs for the dynamics of
investment in multisector environments is discussed in Bax-
ter and Crucini (1993, 1995) and Baxter (1996).
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TABLE 1—BUSINESS-CYCLE PROPERTIES OF THE BENCHMARK MODEL

Stationary ~ Nonstationary ~ Model with

Statistic Variable Data model model transmission
Standard deviation (percent per quarter)  Market output 1.96 1.54 1.59 1.48
Volatility relative to market output Market consumption 0.54 0.60 1.07 0.55
Aggregate investment 2.61 3.15 1.21 322
Market labor input 0.78 0.46 0.34 0.45
Household labor input ~ N/A 0.47 0.62 0.40
Wage rate 0.73 0.58 0.89 0.60
Correlation between home and market
output N/A 0.21 0.11 0.36
Correlation between home and market
consumption N/A —0.16 —0.01 0.09
Correlation between market output and
market consumption 0.76 0.92 0.98 0.94

Notes: All series are filtered with the Hodrick-Prescott filter (smoothing parameter A = 1,600). The U.S. postwar quarterly
data are from Benhabib et al. (1991) and Greenwood et al. (1995). N/A indicates statistic not available due to lack of data

on household sector.

4. Government.—The government has an
essentially passive role—the reason for in-
cluding a government sector is that taxation
of capital is important for the level of the
capital stock, investment shares, and the cap-
ital share in the market sector. The tax rate on
market capital, 7, is set at 0.70, which is in
the range estimated by several authors: see,
for example, Martin S. Feldstein et al. (1983).
The tax rate on market labor is set at 7y =
0.25, which is in line with current effective
tax rates, as reported by McGrattan et al.
(1997). The model’s results regarding excess
sensitivity are largely insensitive to variations
in these tax rates, even over fairly wide
ranges. Government purchases are set at G =
0, so that all tax proceeds are returned to
individuals as lump-sum transfers.

C. Business-Cycle Implications

Although this paper is not concerned with the
business-cycle implications of the model per se,
we present these for two reasons. First, for readers
unfamiliar with the household-production litera-
ture, we provide some evidence on the extent to
which the household-production model performs
well in terms of replicating the salient features of
business cycles. Second, these results show the
extent to which our model of household produc-

tion generates cycles that are similar to those gen-
erated by the earlier models.

Table 1 presents summary business-cycle
statistics for postwar U.S. data and for our
household-production model. We present re-
sults for all three parametrization of the pro-
ductivity shock process. Table 1 shows that
our household-production model fits the basic
business-cycle statistics about well as the
other household-production models in the lit-
erature. In particular, the stationary models
generally do a good job of replicating the
pattern of relative volatility of market con-
sumption (relative to market output), and
produce relative volatility statistics for invest-
ment that are close to those in the data. The
model underpredicts somewhat the volatility
of labor input to the market sector, while the
relative volatility of the wage rate is closer to
that found in the data.

Although corresponding figures are not
available from the data, it is interesting to see
that the model predicts that household and
market output are positively correlated al-
though not strongly so, while household and
market consumption are roughly uncorre-
lated. The model predicts that market con-
sumption is highly correlated with market
output, in fact, somewhat more so than found
in the data. Overall, however, the model fits
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the stylized facts of household and market
business cycles fairly well.

IV. The Excess Sensitivity Regression

Following an idea of Hall (1978), Campbell
and Mankiw (1989) propose a model in which
there are two types of consumers: permanent-
income consumers, and “rule-of-thumb” con-
sumers who simply consume their current in-
come. Combining these two types of consumers
leads to the following specification for con-
sumption growth, Ac,, as a function of income
growth, E,_,Ay,, the ex ante real interest rate
7,1, (which is known at time ¢ ~ 1), and an
error term u, that captures the part of consump-
tion growth that is unpredictable given past
values of income growth and the interest rate,
and other sources of error such as measurement
error:

22) Ac,=p+ AE_ Ay, + 0r,_,, + u,

Campbell and Mankiw argue that A in equation
(22) measures the fraction of the population that
follows a rule of thumb; their instrumental-
variables estimates of A range from 0.29 to 0.66,
depending on the instrument list and whether
the interest rate is included in the regression.
Their estimates of 0 are typically very small,
ranging from 0.02 to 0.15, which they also view
as inconsistent with the PIH since, in their spec-
ification, 8 = 1/o is the elasticity of intertem-
poral substitution and should thus be somewhat
larger.

Campbell and Mankiw’s regression is, of
course, misspecified in our model economy.
That is: the error term u, includes other vari-
ables (notably, household-sector variables) that
affect the growth rate of market consumption.
Most importantly, these omitted variables are
correlated with expected income growth and the
real interest rate. But it is still of interest to
know what coefficient estimates an empirical
researcher would find in our economy using
the Campbell-Mankiw approach. This section
shows that the empirical finding of excess sen-
sitivity could result from individuals’ substitu-
tions between home and market work and
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between home and market consumption goods
as relative prices and wages rates change. To
show how excess sensitivity arises in our
model, we begin by assuming that the model is
true and that the researcher has an infinitely
long time series on all the variables in the
model. Next, we show how the model implica-
tions for excess sensitivity change when the
researcher continues to have an infinitely long
sample but has observations on only the con-
ventional variables typically used as instru-
ments. Finally, we suppose that the researcher is
constrained by a finite sample (of approxi-
mately postwar length) and has access to data
on the conventional instruments. In all cases, we
find that data generated by the household-
production model would generate apparent “ex-
cess sensitivity” of the magnitude commonly
found in the empirical literature.

A. Large-Sample, Full-Information Results

In this first example, we take as given that the
household-production model is correct, and ex-
plore the implications of this model for the
coefficients A and 6 when we suppose that the
researcher has an infinitely long sample period
and a data set that includes all the variables in
our model (the details of the computations are
given in the Appendix). In the context of our
quantitative equilibrium model, we can use the
model solution to compute the exact conditional
expectations of income growth and the ex ante
interest rate—we do not need to simulate the
model. Given the conditional expectations and
covariances, we can then compute the regres-
sion coefficients in equation (22). Our interpre-
tation of these estimates is that these are the
large-sample, full-information coefficients of A
and 6 implied by our model. Table 2 presents
results for the benchmark model together with
an extensive sensitivity analysis.

We begin with the benchmark parameteriza-
tion. For the trend-stationary model without
transmission of shocks across sectors, this ap-
proach yields A = 0.32, 6 = —0.03. For the
difference-stationary case, we obtain A = 0.36,
0 = 0.08. The model with transmission of
shocks across sectors produces A = 0.69, 6 =
—0.43. Thus the benchmark household-produc-
tion model predicts that a researcher running the
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TABLE 2—ESTIMATED RESPONSE OF CONSUMPTION GROWTH TO INCOME GROWTH AND THE INTEREST RATE
LARGE-SAMPLE, FULL-INFORMATION RESULTS

Nonstationary Model

Stationary model model wi/transmission

A 0 A 0 A 9
Benchmark model 0.32 -0.03 0.36 0.08 0.69 —0.43

Sensitivity analysis

1. Low elasticity of substitution: { = 0 0.17 0.38 0.17 0.37 0.11 0.31
2. Low elasticity of substitution: { = 1 0.11 0.40 0.09 0.46 0.26 0.25
3. High elasticity of substitution: { = 5 0.49 —0.35 0.63 —0.31 0.84 —0.70
4. Fixed labor supply: &,, = — 0.45 —-0.27 0.40 0.06 0.75 —0.56
5. Low risk aversion: o = 1 0.31 0.19 0.35 0.44 0.67 —0.45
6. High risk aversion: o = 10 0.33 =0.11 0.25 -0.03 0.72 -0.20
7. Low correlation of shocks: 0.50 0.48 —0.22 0.47 —0.03 0.74 -0.49
8. No adjustment costs 0.40 0.61 0.47 0.15 0.43 0.53
9. High adjustment costs: k = 6.7 0.90 —0.67 0.66 —0.24 0.99 -0.74
10. No shocks to household sector 0.35 0.53 0.31 0.63 0.61 -0.73

Notes: The equation estimated is Ac, = u + AE,_ Ay, + 6r,_, , + u,. See the Appendix for the details of the estimation

procedure.

The case with o = 10 requires &, to be larger in absolute value to insure concavity of momentary utility. We set £,, =

—10 for this case.

typical consumption growth regression should
find apparent excess sensitivity in the form of a
positive coefficient on expected output growth.

The positive coefficient on expected output
growth derives from the intersectoral movement
of labor in response to expected productivity dif-
ferentials. Further, the model predicts a coefficient
on the interest rate that is close to zero, especially
in the absence of transmission of shocks across
sectors, which is in line with the Campbell-
Mankiw results. However, as shown in the sim-
pler model of Section II [see equation (13)], the
coefficient on the interest rate is not, in general,
equal to 1/o, which would be 0.50 under our
parameterization. Thus a small value of 6 cannot
be interpreted as evidence that consumers are in-
sensitive to variations in the interest rate.

The sensitivity analysis in Table 2 shows how
these results vary with changes in the parame-
terization of the model. We begin by exploring
the implications of altering the elasticity of sub-
stitution between home and market consump-
tion goods. Our explanation for apparent excess
sensitivity hinges on substitutions between dif-
ferent goods, so it is important to explore the
effects of changing these elasticities. Experi-
ments 1 and 2 show the effects of a reduced
elasticity of substitution between home and
market goods; experiment 3 increases the elas-

ticity of substitution to the high end of its plau-
sible range. Even with zero elasticity
(experiment 1) there is still apparent excess
sensitivity, with A ranging from 0.11 to 0.17.
The reason that apparent excess sensitivity
arises in this case is that the consumer still
undertakes substitutions between leisure and the
consumption aggregate. Put differently, the ag-
gregate supply of labor (to home and market
sectors together) responds to variations in the
real wage. A high elasticity of substitution leads
to increases in A, as expected.

Experiment 4 presents results for a case in
which the aggregate labor supply is fixed.
Apparent excess sensitivity arises in this case
as well, with values of A ranging from 0.40 to
0.75. In this case, apparent excess sensitivity
stems from the fact that the consumer substi-
tutes between consumption of the home and
market good, even though aggregate labor
supply is fixed. Evidently, then, apparent ex-
cess sensitivity will only disappear if market
consumption enters the utility function sepa-
rably from home production and leisure.
Based on the existing empirical evidence, we
view this specification as implausible.

Experiments 5 and 6 show that variations in
risk aversion have little effect on the excess
sensitivity result. Experiment 7 reduces the cor-
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relation of the shocks to the home and market
sectors, which tends to increase apparent excess
sensitivity by increasing the scope for substitu-
tions across sectors (there is less tendency for
marginal products in the two sectors to move
together). Experiments 8 and 9 illustrate the
effect of changing the assumed elasticity of
adjustment costs for capital. Abolishing adjust-
ment costs has little effect on apparent excess
sensitivity, while increasing adjustment costs
leads to much higher apparent excess sensitiv-
ity. Finally, experiment 10 shows that apparent
excess sensitivity will arise even if there are no
productivity shocks to the household sector—
shocks to the market sector alone are sufficient.
Overall, we find that the predictions for the
coefficient on income growth (A) are remark-
ably robust, whereas 6 is found to be more
sensitive to departures from the baseline model.

B. Large-Sample, Limited-Information
Estimates

The preceding subsection showed that the
household-production model can explain appar-
ent excess sensitivity, based on the population,
or large-sample, moments implied by the base-
line parameterizations of the model. However,
empirical research is constrained by the fact that
some variables that are important for construct-
ing conditional covariances (i.e., some useful
instruments) are not available to the researcher.
This subsection follows standard empirical
practice in using lagged values of consumption,
output, and the interest rate as instruments (see
the Appendix for details). That is: we use our
model to construct “instrumented” versions of
Ay, and r,_,, as linear projections on lagged
endogenous variables.® Following Campbell
and Mankiw (1989), we choose the following as

6 One of the puzzles uncovered by Campbell and Man-
kiw is that the correlation between consumption and pre-
dictable income is higher than the correlation between
consumption and raw income. As a result, the OLS estimate
of A, which should in theory be upward biased due to a
positive correlation between income innovations and opti-
mal consumption, turns out to be lower than the IV estimate
of A empirically. This is not the case for our model, as
reconciling these results seems to require measurement er-
ror in aggregate income. Our model abstracts from mea-
surement error.
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our basic instrument set: Ac,_,, Ac,_,, Ac,_3,
Ty—24—1» ¥1=3,4-2> T1—4,—3- In the context of
the model, it is not necessary to instrument
r,—, because this is a risk-free rate (it is unre-
lated to the period ¢ error since it is known at
time ¢t — 1). However, we instrument this vari-
able since this procedure is typically followed in
the empirical literature.’

Table 3 gives the results for the procedures
that use lagged observable endogenous vari-
ables as instruments. With this procedure, there
is no sampling uncertainty and no small-sample
bias. Table 3 shows that, in the stationary case
without transmission across sectors, the esti-
mates are A = 0.05, 6 = 0.42. In the nonsta-
tionary case without transmission, the estimates
are A = 0.30, 8 = 0.43. (The corresponding
coefficients from Table 2 are presented for com-
parison.) These coefficient estimates differ from
those computed using exact conditional expec-
tations because the linear projections yield an
imperfect measure of the exact conditional ex-
pectations which were used in Table 2. With
transmission of shocks across sectors (panel C),
the full-information procedure yields A = 0.69,
0 = —0.43; while the limited-information pro-
cedure yields A = 0.44 and 6 = 0.06.

C. Finite-Sample, Limited-Information
Estimates

To explore the small-sample properties of the
procedure which uses a restricted set of vari-
ables as instruments, we followed a Monte
Carlo approach. Specifically, we simulated our
model to generate time series of length 130
quarters (32.5 years—approximately the length
of time studied by prior researchers). Using the

7 An alternative strategy would be to take an ex ante
uncertain return, such as the return on capital, so that the IV
procedure would actually be necessary. We experimented
with this alternative approach, but it did not lead to signif-
icantly different results. We also experimented with alter-
native instrument sets. For example, we used the following
instrument set: Ay,_;, Ay, 5, Ay, s, Tre20—10 Yi3,0~2s
¥,—4,-3 The results did not change appreciably. Also,
many researchers use twice-lagged instruments to avoid
potential problems due to time-averaged consumption data;
for the results reported here we lag the instruments only
once. Exploration with time-averaged model-generated data
and twice-lagged instruments did not yield different results.
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TABLE 3—ESTIMATED RESPONSE OF CONSUMPTION GROWTH TO INCOME GROWTH AND THE INTEREST RATE
COMPARISON OF THREE ESTIMATION METHODS

Partial R? from
regression on

Coefficient estimates instruments
A 7} y r
A. Stationary model without transmission of shocks
across sectors
Large sample, full information 0.32 —-0.03
Large sample, limited information 0.05 0.42
Finite sample, limited information 0.53 -0.75 0.04 0.46
(Standard error) (0.15) 0.91) (0.02) (0.20)
B. Nonstationary model without transmission of
shocks across sectors
Large sample, full information 0.36 0.08
Large sample, limited information 0.30 0.43
Finite sample, limited information 0.81 —-1.07 0.09 0.44
(Standard error) (0.24) (0.66) 0.04) (0.14)
C. Model with transmission of shocks across sectors
Large sample, full information 0.69 —0.43
Large sample, limited information 0.44 0.06
Finite sample, limited information 0.52 —-0.14 0.04 0.39
(Standard error) 0.14) 0.73) (0.02) (0.18)

Notes: The equation estimated is Ac, = u + AE,_ Ay, + 0r,_,, + u,. For the large-sample, full-information results and
the large-sample, limited-information results, we used the model solution to directly compute measures of the expectations
in this equation. For the finite-sample, limited-information results, we simulated the model and employed standard two-stage
least-squares procedures on the following equation, which replaces expectations with realizations: Ac, = u + AAy, +
6r,_,, + u, See the Appendix for the details of the estimation procedure.

In the finite-sample, limited-information case, the simulation results are obtained from 1,000 runs with 130 usable data
points; numbers in parentheses are standard errors of the coefficient estimates over the 1,000 runs. Time required for 1,000
runs on a Pentium Pro 200 Mhz processor was approximately 5 minutes. Instruments for both limited-information cases are

AC,-I, Ac1~2’ ACIA?}’ r[*—'2,t—]7 71—3,1—2; r1—4.r~3~
Partial R? statistics are described by Shea (1997).

simulated data, we computed the instrumental
variables estimates of A and 6 using the instru-
ment list specified earlier. We performed 1,000
such simulations; the mean estimates of the
coefficients are reported in Table 3, together
with the standard deviation of the coefficient
estimates across the 1,000 simulations. This ta-
ble also reports sample means of the partial R*
statistics from the first-stage regressions, which
John Shea (1997) recommends as the correct
measure of instrument relevance in multivariate
settings.

For the stationary case without transmis-
sion of shocks across sectors (panel A) the
mean values of the coefficients are A = 0.53,
# = —0.75, while the population values for
the model-based variables approach were A =
0.05, 8 = 0.42. Over 1,000 trials, the standard
deviation of the coefficient on output (A) was

0.15. The considerable difference between the
computed and the simulated coefficient values
is linked to the weak predictability of the
regressors and of consumption growth itself.
This can be seen in the low values of the
partial R? statistics for the regression of out-
put on the instruments.®

In the nonstationary model without transmis-
sion (panel B) we find similar results. The av-

8 As a check on our Monte Carlo procedure, we per-
formed 30 simulations of length 3,000 (750 years) for
the stationary model without transmission. The mean
coefficient values that we obtain are A = 0.15, 6 = 0.29.
These are much closer to the large-sample, full-informa-
tion coefficients of A = 0.05, 8 = 0.42. Thus with
sufficiently long samples, the procedure converges to the
large-sample, limited-information estimates. A discus-
sion of this econometric issue can be found in Charles R.
Nelson and Richard Startz (1990).
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erage value of the coefficients from the
simulated, shorter sample differ markedly from
both the population values for the model-based
variables approach and the coefficients yielded
by the exact conditional expectations. There
continue to be low partial R” statistics for the
instrumented variables.

Looking at the model with transmission of
shocks across sectors, we find that the three
groups of coefficients differ less than in the
prior two cases due to improved predictability
of consumption with this shock process.

Campbell and Mankiw also report regres-
sions of consumption growth on output growth
without the interest rate:

(23) Ac,= p + Ay, + ¢,

We explored estimation of equation (23) as a
check on the robustness of our estimates of A;
these results are not reported in the paper. In
each case, we found that the values for A ob-
tained from this equation were close to those
obtained when the interest rate is included.’

D. Implications for Testing the PIH

Our results have implications for empirical
testing of the PIH.'® In particular, we have
shown that it is inappropriate to test the PIH by
looking at the correlation between market con-
sumption and income growth due to an increase
in market wages. However, tests that involve
income growth due to windfalls or changes in
the timing of predictable income receipts should
still be valid tests of the PIH. Tests of this latter
sort have been carried out using micro data by
Matthew D. Shapiro and Joel Slemrod (1995),
who surveyed consumers to determine effects of
the 1992 change in income tax withholding
procedures. Nicholas Souleles (1999) studies
the relationship between consumption and the
receipt of income tax refunds. These studies
find some evidence of excess sensitivity and
thus present an ongoing challenge to the PIH.

® An alternative choice for the instruments, Ay,_,,
Ay, 5, Ay, 3, leads to similar conclusions.

10We are grateful to a referee for pointing out these
implications to us and for suggesting the experiment involv-
ing changes in government spending.
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In the context of our model, a decrease in gov-
ermnment purchases acts as a windfall increase in
consumer disposable income that is unrelated to
wages. We used our model to study an unex-
pected, purely temporary decrease in government
purchases.!' The excess sensitivity coefficient is
A = —0.0175 for this type of shock (using the
model’s exact conditional expectation). Thus the
pure windfall induces only minor effects on con-
sumption through the preference nonseparabili-
ties. This suggests that an alternative approach to
testing the PIH would be to determine the effect
on consumption of changes in government spend-
ing on goods and services that do not affect indi-
vidual utility (or affect it only additively) and
which do not affect labor productivity.

V. Summary and Conclusions

This paper has shown that a macro model with
household production can rationalize the observed
“excess sensitivity” of consumption growth to
predictable output growth. Our story is based on
the idea that consumers substitute between home
goods and market goods according to their relative
price, and substitute between work at home and
work in the market depending on the relative
wage. That consumers and workers do undertake
these substitutions has been documented by
Benhabib et al. (1991), F. Thomas Juster and
Frank P. Stafford (1991), and José-Victor
Rios-Rull (1993). Our paper shows that plausible
substitutions along these lines can produce exactly
the empirical finding that predictable growth in
market output is correlated with consumption
growth. We began by demonstrating this result
within a simple, partial-equilibrium model of con-
sumer choice, and then showed that the result
continues to hold within a general-equilibrium
model with neoclassical investment dynamics. We
explored the implications of the quantitative equi-
librium model for the empirical estimates that
would be obtained by researchers running the “ex-
cess sensitivity regressions” on data generated by

"' We specified that shocks to government purchases
were independently and identically distributed, and then
studied the response to a decrease in purchases. The steady-
state share of government purchases was set at 20 percent of
total output. Results were similar for persistent but ulti-
mately temporary shocks to government purchases.
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our model. We found that these researchers would
find a positive coefficient on output growth in this
regression, which should not be interpreted as
excess sensitivity or as a violation of the PIH.
Further, we found that the coefficient on the in-
terest rate is predicted to differ substantially from
the inverse of the coefficient of relative risk aver-
sion, and that this coefficient estimate is particu-
larly sensitive to choice of instruments and to
small-sample bias.

Our story has stressed substitutions of labor
effort across sectors depending on the relative
wage rate. It is natural to wonder how things
would work if hours of market work were un-
related to wages or productivity, as in Richard
Rogerson’s (1988) “lottery model,” or if there
were “involuntary unemployment.” Apparent
excess sensitivity would still arise in these set-
tings, for the following reason. Following dis-
missal from the workforce, an individual would
have less market income and more time to al-
locate to leisure and to household production.
Less market income leads to lower consumption
of the market good, while the increase in the
time available for nonmarket activities would
lead to increases in the consumption of the
home good and leisure. Qualitatively, these are
the same effects stressed in our equilibrium
model. The only difference is that we would not
expect the value marginal product of labor to be
equalized across home and market sectors in
these alternative settings.

Finally, empirical results obtained in a recent
paper by Attanasio and Browning (1995) can be
interpreted as lending support to the household
production story. Attanasio and Browning study
micro data on consumption and find that excess
sensitivity of consumption to current income
disappears once one controls for variables such
as the individual’s age, number of children,
whether one or both spouses work, and the
amount of labor supplied to the market. These
variables all seem likely to be good proxies for
the relative costs and benefits to working in the
market sector and consuming market goods ver-
sus working in the home sector and consuming
home-produced goods.

Overall, our results suggest that it would be
premature to abandon the PIH as a central com-
ponent of modern macroeconomic models.
However, these results also strengthen the case
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that understanding substitutions between the
household and market sectors is likely to be
central to understanding the behavior of con-
sumption over the business cycle.

APPENDIX

This Appendix explains the methods used to
compute the results in Section IV. The solution
to our model can be written as follows. First, the
state variables of the problem evolve according
to:
(A1) s, = Ms,_, + Gg,
where s, is an s X 1 vector of state variables, €,
is a k X 1 vector of shocks, and M and G are
coefficient matrices. The solution to the model
is given by (Al) together with equation (A2),
which describes how other variables of inter-
est—consumption, output, the interest rate, la-
bor input, etc.—depend on the state vector:
(A2) W, = I,
where W, isaw X 1 vectorand Il isaw X s
coefficient matrix.

We use this system to generate the results that
a researcher would find if he were studying data
produced by our model economy. Some of the
results are obtained under the assumption that the
researcher has an infinite amount of data on all
variables in the model. These results are termed
“large-sample, full-information” results. Other re-
sults assume an infinite amount of data but on a
limited set of variables. These results are termed
“large-sample, limited-information” results. Fi-
nally, we explore Monte Carlo results based on a
sample length of 130 quarters (approximately the
sample length used by prior researchers) using a
limited set of variables. These are called “finite-
sample, limited-information” results.

The Campbell-Mankiw equation is given below:

(A3) Ac, = p + AE, Ay,

+ OE, 1~y T u,.
Since the expectations in (A3) are not observ-

able, Campbell and Mankiw specify their esti-
mating equation as follows:
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(Ad) Ac,=pu+ Ay, +0r_,, +eg

and then use instrumental-variables procedures
to try to correct for the simultaneity bias that
arises because the expectation errors in Ay, and
r,_,, are correlated with &,.

As discussed in the text, this equation is
misspecified in the model, since the growth rate
of market consumption depends on more vari-
ables than income growth and the interest rate.
Specifically, there are omitted variables in this
regression that are included in the “error term”
g,. These omitted variables will influence the
results that would be obtained by a researcher
estimating (A3) using data generated by the
household-production model.

Large-Sample, Full-Information Results

To produce our “large-sample, full-informa-
tion” results, we proceed as follows. First, we
work directly with the specification (A3) since
we can use our model to compute the necessary
expectations. Specifically, from (A1) and (A2),
we have

(AS) E,_\W,=1E,_s,

= HMS,_]
= Fs,_,.
Estimates of the coefficients A and 0 are

found by solving the least-squares “normal
equations”:

1 T
A6) 7 2 (EAe,— AE Ay,
t=0
—O0E, 1, JE, Ay, =0
1 T
A7) 7 2 (EiAc, = AE, Ay,

0

i

- OEt-—lrt—l,t)Et—lArt~l,t = 0.

In the context of our model economy, we use
equation (AS) to construct the expectations in
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(A6) and (A7), where the notation F; denotes
the row of the matrix F associated with variable
J, yielding:

~

1
(A8) —T (cht—l - )‘Fys:—-l
=0
—0Fs,)Fs,_, =0
1 T
(A9) ? (cht-—l - AFyst—l
=0

— 0F,s,_)F,s,, =0.

For the “full-information” results, we take the
probability limits of (A6) and (A7) as T — o to
obtain:

(A10) o, — Ao, — 00, =0

(Al1) o, — Aoy, — 60, =0

where o;; denotes the population, or large-
sample covariance of variable i with variable
j. Given these covariances, these two equa-
tions can be solved for the two unknowns, A
and 6.

It is easiest to see how the moments in (A10)
and (A11) can be calculated if we assume that
the system is stationary. Let & denote the prob-
ability limit of the variance-covariance matrix
of s,_,. This variance-covariance matrix can be
computed in a variety of ways for example, by
solving the matrix equation & = MEM' +
E(g€"). We then obtain the following versions
of the normal equations:

(A12) F.EF,— AF,EF,— 0F,EF,=0

(A13) F.EF,— AF,EF, - 6F EF,= 0.

These two equations are then solved for the two
unknown coefficients, A and 6, as reported in
Table 2. When the shocks to the state variables
are nonstationary = does not exist. Note, how-
ever, that even in the nonstationary case the
covariances in (A10) and (A1l1) are still well
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defined, as they involve growth rates of con-
sumption and income as well as the level of the
real interest rate, all of which are stationary.

Large-Sample, Limited-Information Results

In applied econometric contexts, the re-
searcher typically does not have enough infor-
mation compute the necessary expectations: in
our context, these would be E,_;Ay, and
E,_,r,_, ,. Thus researchers like Campbell and
Mankiw use an instrumental variables proce-
dure which we find convenient to discuss as
two-stage least squares. Under this procedure,
the variables Ay, and r,_,, are regressed on
instruments, where valid instruments are any
variables correlated with Ay, and r,_, , but are
uncorrelated with u, ; in (A3) and with the
expectation errors (Ay, E, ;Ay,) and
(r—1s — E,_rio1.0)-

We let X, denote the n X 1 vector of date ¢
observations on the instruments. For compact-
ness, we rewrite (A4) as
(A14) Ac,=B'Z,
where Z, = [1, Ay,, r,_; 1’ and B = [uAB]’.
The “first-stage” regression involves running an
OLS regression of Z, on X:

(A15) Z,=98X, te,.

The “second-stage” regression involves replac-
ing Z, in equation (Al14) with the fitted values,
Z, = &'X,, from equation (A15). Then the two-
stage least-squares estimator of B is given by:

_l T
[2 Z:Ac,}

t=0

T
(Al6) 323LS = {E 2:2,
t=0

As T — o the estimator i}z sLs converges in
probability to E(Z2.Z,)"'E(Z/Ac,).

We used our model to compute a large sam-
ple version of B, as follows. In the “first
stage” we computed Z, by projecting Z, on the
instruments X,. The X, depend on the state
vector as follows:

(A17) X, = Fys,-

through a version of equation (Al), where
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(A17) reflects the fact that, in our application,
the instruments X, contain no date-¢ variables at
all. Further, the state vector s, ; must be aug-
mented to include additional lags of the state
variables as necessary, depending on the instru-
ment list employed. The “first-stage” projects Z,
on X,, yielding an estimate of 8; the second
stage computes B,;,¢ according to (Al6).
These estimates are reported in Table 3.

Finite-Sample, Limited-Information Results

To investigate the properties of estimates ob-
tained by researchers constrained to using a finite
amount of data, we employed a Monte Carlo
procedure. Specifically, we generated 1,000 sim-
ulations of our model, where each simulation was
of length 130 quarters. For each simulation, we
used the simulated data to construct an estimate of
B.s.s in exactly the same way as Campbell-
Mankiw would have, had their data been gener-
ated by our model. The mean estimate of B, ¢
over the 1,000 simulations is reported in Table
3, together with the standard error of the estimate
across the simulations.
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